Some methodological problems in clinical enzymology, including instability of enzymes in the incubation mixture and requirements for optimal reaction conditions, are highlighted. The importance of a knowledge of fundamental enzyme biochemistry and physiology as the basis for their diagnostic application is stressed, and the different behaviour of some hepatic enzymes-namely, GOT, GPT, y-GT, and OCT, in various pathological conditions is traced back to their characteristic biochemical and physiological properties. In the field of urinary enzymes a knowledge of the ideal requirements for the enzyme investigation of the various renal functions and of the properties of potentially valuable enzymes permits a critical selection of the really useful ones.
In the field of clinical enzymology two classes of problems are especially important-namely, methodological (or technical) and interpretative (or diagnostic) ones (Table 1) . Methodological problems arise because of the protein nature of enzymes, and the need to determine their activities rather than their concentrations. Diagnostic problems have as their basis the physiological significance of the various enzymes, their location, and their binding to cellular and subcellular structures.
METHODOLOGICAL PROBLEMS
The protein nature of enzymes, which is the basis of their variety and specificity, is also the cause of their high degree of sensitivity to every kind of denaturing agent such as temperature, ageing, surface tension, dilution, salt concentration, pH, etc. This kind of action is much more evident with enzymes than with other kinds of proteins, because enzymes are determined by measuring their activity. This depends on the complete integrity of their conformation, so that even small modifications of structure may be reflected in changes in activity.
Besides finding the conditions to preserve so far as possible the integrity of the enzyme molecule, it is also necessary to select the optimum values for all the factors that may influence its catalytic activity. Although very well known in basic enzymology, the study of these variables has been thoroughly undertaken in clinical enzymology for only a few years. 1 • 2 This is possibly due to historical reasons. The difficulty of changing a procedure with consequent changes in the way results are expressed, when it is in general clinical use, has also to be considered. However, the optimization of methods is certainly the most promising approach to improvement of accuracy and precision of enzymic determinations, and consequently comparability of results. It is therefore necessary that new methods, especially if intended for extensive clinical application, should be submitted to a thorough investigation of all possibly interacting variables.
Besides the variables so far commonly investigated increasing attention is being given to the influence of coenzyme concentrations in the sample, especially in cases where the coenzyme is not tightly bound to its apoenzyme, as for GOT.a-a
In the determination of transaminases it has been recently observed that the addition of pyridoxal phosphate to the reaction mixture increases the reaction rate, sometimes very markedly, thus demonstrating an enzyme activity noticeably larger than that seen under supposedly optimized conditions. These observations encompass not only important methodological problems of optimization but also interpretative problems. The increase in activity induced by supplementation with pyridoxal phosphate, being very variable with different sera, depends -Based on a lecture given to the Association of Biochemists on 1 October 1974 345 obviously on a coenzyme deficiency, possibly due to physiological conditions, such as pregnancy, or to drug induced hypovitaminosis, or more generally to a partial inability to transform vitamin Be to its active form (pyridoxal phosphate). The problem is being studied now also in our laboratory, especially in relation to the influence of drugs.
DIAGNOSTIC PROBLEMS
The aim of clinical enzymology is the identification of the diseased organ, the evaluation of the severity of the condition, and sometimes the most probable aetiology. The validity of the analytical methodology is a prerequisite, but for a rational utilization of the data collected it is essential to know some fundamental parameters regarding any given enzyme.
These are: (a) Distribution through the organism and anatomical situation of the organs where the enzyme is located. (b) Normal excretion path (for exoenzyrnes, endoenzymes, intravascular enzymes). The concept of specificity is apparently prevalent in clinical enzymology. Really specific enzymes are rare, though their number has been noticeably increased by the discovery of isoenzymes and by the advances in methodology for their separate evaluation. However, detailed knowledge of the above parameters and their comparative evaluation allow an increase in the degree of specific significance of "per se" non-specific enzymes.
Liver Enzymes
Let us recall these properties for four enzymes used in hepatology-namely, aspartate and alanine transaminases (GOT and GPT), ornithine-carbamyltransferase (OCT), and y-glutamyltransferase (y-GT) ( Table 2 ). OCT is liver specific, being involved in urea metabolism, which takes place almost exclusively in liver. It is localised in mitochondria of the hepatocyte, but apparently it is not very tightly bound. Transaminases have an almost ubiquitous distribution with a preponderance in liver and GOT also in heart and muscles. GPT is located in the cytosol, GOT partly in the cytosol but mostly in mitochondria, where, apparently, it is tightly bound. y-GT is present at high concentration in the endo- Rapid from kidney plasmic reticulum of renal tubular cells; the amount present in liver is only about 4 % of the renal content. 8 -9 In liver it is located mostly in the epithelial cells of small biliary ducts and at lower concentration in hepatocytes. It seems to be also present in histiocytic elements.w It is localized in microsomes, but apparently the microsomal fraction is in dynamic equilibrium with a soluble fraction present in the cytosol. Like transaminases and ocr, in normal conditions it enters the blood only in minute amounts, but in contrast to them it is present in rather abundant amounts in bile. It is also inducible by various drugs.H Its physiological role is still obscure and probably different in the various locations. It is probably involved in aminoacid transport-s and therefore in regeneration processes and in cell defence mechanisms. The high amount present in kidneys does not influence the blood levels, owing both to the tightness of its binding to the supporting structures and to the anatomical configuration of kidney.6-8 Therefore its variations depend specifically on alterations in the hepato-biliary system. Our group has been especially interested in the evaluation of the relationships between OCT and transaminases l 3 -l5 and ocr and y_GTl6 for the study of chronic liver diseases, but we found the above physiological criteria of much help in the diagnostic interpretation also of other hepatic diseases.ia,I? ocr is characterised by its liver specificity, its sensitivity to agents affecting mitochondria, such as ethanol,l4-I6 and by the rapidity and sensitivity of its mobilisation with consequent increase of blood levels, even without microscopically demonstrable cellular lesions. For GPT to leave the hepatocyte there must be lytic alterations of the cell membrane, and this enzyme therefore shows a lower sensitivity. The soluble part of GOT behaves like GPT; that bound to mitochondria probably requires, for mobilisation, more severe structural alterations and necrosis. As a consequence in chronic liver diseases, while blood levels are usually normal for transaminases, they are increased for ocr; this can assist the detection of the presence of an active morbid process in clinically compensated patientsp-l5
We were able to distinguish two groups of seemingly compensated cirrhotic patients by OCT determination, one with normal and the other with elevated OCT levels. Laparoscopic and biopsy investigations demonstrated the presence of still active lesionsin the second group only.15 In the differential diagnosis of jaundice, together with other clinical signs, the parallel increase of ocr and transaminases may direct the diagnosis toward a viral hepatitis, while increase of OCT only may suggest a hepato-toxic process or secondary damage of the hepatocyte from biliary obstruction. In acute alcohol intoxications OCT levels increase sharply, while transaminases are only modestly influenced. The same was observed in a case of acute intoxication by nicotinic acid hydrazide.P These are only a few examples to indicate how the interpretation of the results of parallel determinations of ocr and transaminases, based on their physiological properties, can be of help in diagnostic evaluation. The characteristic metabolic activity of ocr, will possibly find future applications in the study of the liver mitochondria, by its direct determination on liver biopsies. It is in fact experimentally known that hepatic carcinogens decrease the OCT content of the hepatocyte I 9 ,20 and deviate the ornithine metabolism toward the purine synthesis.s! Turning now to y-GT, it may be observed that this enzyme has some peculiar characteristics that make its determination, alone or better in parallel with an enzyme of different physiological significance, like OCT, particularly useful. y-GT is not only an indicator of biliary obstruction but a microsomal enzyme, sensitive to inducing substances and probably to regenerative and to reproductive neoplastic processes. It is, in contrast, only slightly influenced by lytic alterations, because it is rather tightly bound to supporting structures.
We are studying the behaviour of both ocr and y-GT in acute viral hepatitis and in chronic liver diseases, especially those of alcoholic origin. In 94 cases of acute viral hepatitis we observed for ocr a mean increase of 16 times the maximum normal value, the mean increase fory-GT being about threefold. Both enzymes are very sensitive to alcoholinduced alterations. 22 ,23 They allow a distinction between liver diseases of alcoholic and non-alcoholic origin, and an evaluation of the effects of abstinence from alcohol (Figs, 1, 2, 3) . The increase of OCT levels is lower and its return to normal is more rapid than that of y_GT.16 This may possibly be ascribed to different mechanisms of action of ethanol on the two enzymes-namely, alteration of permeability for OCT and increase of synthesis for y-GT.
Alterations of permeability or lysis in response to a stimulating agent is a rather rapid phenomenon, whereas induction of synthesis is a much slower and persistent one. The valuable behaviour-s of y-GT levels in acute toxic liver diseases may possibly be explained on the same grounds. The sharp increases observed only in some cases, such as acute intoxication from ethanol or from some drugs, may be explained as an outcome of an acute access in the course of a chronic process determined by enzyme-inducing agents. In contrast ocr was found sharply increased in all the cases of acute toxic liver 
·Iilil. I diseases, clinical and experimental, we have observed so far; even when transaminases or ,,-GT were not affected.1 3 ,1 7,18, 20 In cases of primary or metabolic liver tumours, even without biliary obstruction, y-GT blood levels are usually sharply increased.w" This may be attributed to increase of the enzyme in the perineoplastic liver tissue. Lytic alterations of hepatic cells are usually very limited in these cases; OCT is therefore within normal limits or only moderately increased. High and constanty-GT levels in the presence of low levels of OCT should always direct attention to the possibility of the existence of a liver tumour. 
Urinary enzymes
I would like to turn now to another field of clinical enzymology which we have studied-namely, that of urinary enzymes. Here too we found evaluation of the characteristics of location, possibility of mobilization, and molecular dimensions very useful in the choice of enzymes for investigating renal function. These properties are to be considered in relation to their possibility of detecting and evaluating alterations of glomerular filtration, tubular reabsorption and anatomical conditions of the tubular epithelium, not necessarily corresponding to functional alterations.
Enzymes for the study of glomerular filtration must be present in blood, absent from renal tissue, and be of such a molecular weight as to make their filtration impossible under normal conditions. Those for the evaluation of tubular reabsorption must be present in blood, absent from renal tissue, and of low molecular weight in order to be filtered freely and regularly reabsorbed. Those for the evaluation of anatomical conditions of the tubules must be present in the renal tissue only. To our knowledge no enzymes have, until now, been detected that completely fulfil these requirements. However, there are some that can be usefully employed, especially if some other properties are considered-namely, the existence of organ-specific isoenzymes, the differences in tightness of bind ingof the same enzyme to subcellular structures in different organs, and also the macroscopic and microscopic configuration of the kidney.
For glomerular filtration alanine-aminopeptidase (AAP) seems to offer some possibilities. 2 8 -32 It is present in blood but not normally filtered owing to its high molecular weight. It is present also in the renal tissue, but the renal enzyme has an electrophoretic mobility different from that of the one present in blood. Therefore their separate determination is theoretically possible. However, this is rather difficult in practice, in that other similar hydrolases, such as leucine aminopeptidase, may interfere. Methodological improvements are therefore needed for a possible clinical utilisation of this enzyme.
For tubular reabsorption interesting practical results have already been obtained by determination of lysozyme,33-38 ribonuclease.w and malate dehydrogenase.P" These enzymes do not fulfil the ideal requirements, being present also in renal tissue and in leucocytes. However, their behaviour in cases of pure tubular damage---e.g., due to cadmium poisoning--has proved their usefulness. For a correct interpretation of their behaviour it is important to determine their values not only in urine but also in serum. Their urinary content, especially that of lysozyme, may vary in relation to very high blood levels, in cases of myelomonocytic leukaemia (overflow enzymuria), or because of an impairment of glomerular filtration. The clearance of the enzyme is then referred to that of the creatinine clearance. Some of the results obtained by our group for lysozyme and malate dehydrogenase are reported in Table 3 . Apparently the deficiency of absorption and therefore the increase of clearance are directly related in frequency and severity to the extension of the tubular atrophy.
Enzymes that better fulfil the ideal requirements are those related to parenchymatous enzymuria. In fact, besides the renal isoenzyme of AAP, some acid glucosidases typical of renal tissue have been found. They are (Table 4) .a-glucosidase, .a-galactosidase, N-acetyl-,B-glucosaminidase 39 . 40 , 41 , 42 and exglucosidase. 42 -ilo For .a-glucosidases there are renal isoenzymes that must be determined separately from the ones in blood. This is not necessary for ex-glucosidase, which we have especially studied. This lysosomal enzyme is present in the renal tubular epithelium, in muscle, and especially in liver, but we were not able to detect it in blood even in cases of acute hepatitis. 43 -4 9 Only in particular renal situations-namely, in anuric patients---could significant amounts be determined in blood.:" The adherence of the enzyme to its substrate-namely, the glycogen granules in the hepatocyte---could explain the difficulty of its mobilisation from liver.s! ex-Glucosidase is constantly present in urine, and its excretion per minute is rather constant. Large increases are observed under pathological conditions when degenerative or necrotic tubular lesions are present (Tables 5 and 6 ). When atrophic lesions prevail, only few and slightly increased values are found; more often in these cases enzyme excretion is lower than normal if absolute values are considered. However, if the amount of enzyme excreted per minute isreferred to the creatinine clearance-namely, to the mass of functioning nephrons-the situation may be reversed. It is interesting in this respect to observe the correlation of tubular enzymuria from altered reabsorption, as represented by lysozyme and malate dehydrogenase, and that of parenchymatous or lytic enzymuria represented by ex-glucosidase, with the anatomical and functional conditions of the tubular epithelial cells.
When only slight or localised degenerative lesions without functional damage are present, only parenchymatous enzymuria is increased. In cases of severe degenerative lesions with mean or prominent functional alterations a sharp increase of parenchymatous enzymuria is accompanied by tubular enzymuria. When atrophic lesions of tubular epithelium become prevalent, functional damage increases and manifests itself by decreased reabsorption of lysozyme and of malate dehydrogenase. The absolute excretion of ex-glucosidase, absent from atrophic cells, decreases, while its excretion relative to functioning nephrons may be increased. This happens usually in uraemic patients. The decrease of absolute val ues may therefore be considered as an indication of the extent of the atrophic damage, while the increase of the relative values indicates that the tubular epithelium of the still functioning Acute renal failure from acute pancreatitis" 8/8 (100%) 464% *The correction for creatinine clearance has been omitted in these cases.
nephrons is sharply affected by lytic processes. The different behaviour and significance of parenchymatous as compared with tubular enzymuria may be observed by administration of gentamycin.P The ex-glucosidase excretion increases significantly, going back to normal after withdrawing the drug.
In contrast the lysozyme and malate dehydrogenase levels are not affected.
I do not suggest that the views I have presented here on methodology and on diagnostic interpretation of some enzymatic assays may be called "new".
It seems to me that they simply signify the advantages for clinical enzymology of going back to its source in basic science. The trend toward rationalization of both technique and interpretation is rapidly progressing, and I think it will be an important factor in the development of clinical enzymology in the coming years.
